PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 06-252645 
(43)Date of publication of application : 09.09.1994 



(51)lnt.CI. 



(21) Application number : 05-033864 

(22) Date of filing : 24.02.1993 



(71 Applicant: NEC CORP 
(72)lnventor : OGA NORIYUKI 



(54) DIRECT DIGITAL FREQUENCY SYNTHESIZER 

(57)Abstract: 




PURPOSE: To reduce spurious signal component 
caused by a phase error of a phase accumulator. 
CONSTITUTION: The direct digital frequency 
synthesizer (DDS) 3 allows a phase accumulator 31 to 
produce phase data in response to a clock signal S1 
from a reference frequency oscillator 1 and frequency 
data S2 from a frequency data setting circuit 2. A sine 
wave signal S33a and a cosine wave signal S33b are 
generated by high-order bits S3 1a of the phase data 
and a phase error signal S34 is generated by low- 
order bits S31b of the phase data. A multiplier 34 
multiplies the signals S33b, S34 to synthesize a 
spurious cancel signal S35 and a subtractor 35 
subtracts the spurious cancel signal S35 from the sine 
wave signal S33a to produce a sine wave signal S3 



without spurious signal component. 



NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A direct digital frequency synthesizer comprising: 

A phase accumulator means which produces phase data which accumulated frequency data 
synchronizing with a clock signal. 

The 1st phase and sine wave signal conversion method that answers a high order bit and said 
clock signal of said phase data, and produces the 1st sine wave signal of analog format 
The 2nd phase and sine wave signal conversion method that produces a cosine wave signal of 
analog format which answered said high order bit and said clock signal, and about 90 degrees of 
phases followed from said 1 st sine wave signal 

The 1st digital-analog converter that changes at least a part of lower bit except said high order bit 
of said phase data into an analog value, and produces a phase error signal, A multiplier which 
carries out the multiplication of said cosine wave signal and said phase error signal, and 
produces a spurious cancellation signal, and a subtractor which subtracts said spurious 
cancellation signal from said 1st sine wave signal, and produces the 2nd sine wave signal. 

[Claim 2]The direct digital frequency synthesizer comprising according to claim 1: 
The 1st phase and amplitude-conversion machine with which said the 1st phase and sine wave 
signal conversion method produce the 1st sinusoidal amplitude data corresponding to a value of 
said high order bit 

The 2nd phase and amplitude-conversion machine that is provided with the 2nd digital-analog 
converter that changes said 1st sinusoidal amplitude data into said 1st sine wave signal 
synchronizing with said clock signal and with which said the 2nd phase and sine wave signal 
conversion method produce the 2nd sinusoidal amplitude data corresponding to a value of said 
high order bit 

The 3rd digital-analog converter that changes said 2nd sinusoidal amplitude data into said cosine 



wave signal synchronizing with said clock signal. 

[Claim 3]The direct digital frequency synthesizer comprising according to claim 2: 

The 1st timing adjusting circuit that sets mostly signal timing of said cosine wave signal in each of 

an input terminal of said multiplier, and said phase error signal as the same timing. 

The 1st level adjustment circuit that is boiled also in a signal level of said cosine wave signal in 

each of an input terminal of said multiplier, and said phase error signal, and is set as a necessary 

level range of said multiplier. 

The 2nd timing adjusting circuit that sets mostly signal timing of a spurious ingredient in said 1st 
sine wave signal in each of an input terminal of said subtractor, and said spurious cancellation 
signal as the same timing. 

The 2nd level adjustment circuit that sets a signal level of said 1st sine wave signal in each of an 
input terminal of said subtractor, and said spurious cancellation signal as a level which makes the 
minimum a spurious ingredient in said 2nd sine wave. 

[Claim 4]The direct digital frequency synthesizer according to claim 1 provided with a zero cross 

detection means which produces a repetitive signal which detects a zero crossing point of said 

2nd sine wave signal, and makes between this zero crossing point a cycle. 

[Claim 5]The direct digital frequency synthesizer comprising according to claim 4: 

A low pass filter in which said zero cross detection means extracts a dc component of said 2nd 

sine wave signal. 

A comparator which compares said 2nd sine wave signal with said dc component, and produces 
said repetitive signal. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]Especially this invention relates to DDS which reduced the spurious signal 

component in an output signal about a direct digital frequency synthesizer (DDS). 

[0002] 

[Description of the Prior Art]The conventional DDS is explained with reference to the block 
diagram of drawing 4 . 

[0003]The phase increment data (following, frequency data) S2 of the constant a (a is one or 
more integers) is supplied for the clock signal S1 to this direct digital frequency synthesizer (DDS) 
3C from the frequency data setting circuit 2 from the reference frequency oscillator 1 at the phase 



accumulator 31 . As a component, including the adding machine 31 1 , the adding machine 31 1 
adds the constant a and the phase data S31 which self outputs synchronizing with the clock 
signal S1 , and the phase accumulator 31 produces in time the integration S31 , i.e., the phase 
data which carried out accumulation, for the constant a (phase increment data), this phase data 
S31 increases from an initial value linearly in proportion to the number of inputs of the clock 
signal S1 - the accumulated of this phase data S31 - calculation of the adding machine 31 1 , if it 
overflows across a limit, The adding machine 31 1 omits the overflow beam going-up bit of the 
phase data S31, and repeats the above-mentioned phase accumulation. That is, this phase data 
S31 is data of a saw-tooth wave. 

The phase of the sine wave signal S33a mentioned later is expressed. 

[0004]Let the high order bit S31a of the phase data S31 be an address signal of a phase and the 
amplitude-conversion machine 32A. Generally ROM (read only memory) is used for the phase 
and the amplitude-conversion machine 32A. 

the calculation from an initial value - the sinusoidal amplitude data S32a is produced the data 
point of the parallel signal forms corresponding to the high order bit (address signal) S31a of the 
phase data S31 which increases linearly to a maximum, and here. 

This amplitude data S32a is changed into the sine wave signal S33a (S3a) of analog format by 
the digital-analog converter (D/A converter) 33A. 

[0005]DDS3C will produce the sine wave signal S3a of the fundamental frequency fO, when the 
above-mentioned constant a is 1 , and it will produce the sine wave signal S3a of frequency axfO 
hereafter according to the value of the constant a. This DDS3C is known from the former as an 
oscillator from which the phase noise near the career can change frequency that it is few and at 
high speed. 
[0006] 

[Problem(s) to be Solved by the lnvention]However, in this DDS3C, since the lower bit of the 
adding machine 31 1 is not outputted to a phase and the amplitude-conversion machine 32A, in a 
lower bit, offset is accumulated and overflow is produced. This overflow has the periodicity 
according to the value of the constant a. Since the phase data S31 corresponds as above- 
mentioned at the phase of the sine wave signal S33a, overflow of the accumulated of the lower 
bit of the adding machine 31 1 is equivalent to the momentary phase shift of the sine wave signal 
S33a. Therefore, it originates in the overflow with the periodicity in the adding machine 31 1 
mentioned above, and spurious one of the frequency of the reciprocal of the cycle is observed by 
the sine wave signal S3a. 

[0007]To the main causes which produce spurious one in the above-mentioned sine wave signal 
S3a, those with two kind, The 1st is the overflow by adding machine 31 1 all bit length, the 2nd - 
"- it is based on the overflow similarly generated in the portion of the beam going-up process to 



the high order bit S31a outputted from the lower bit portion (S3 1b -- not shown) which is not 
outputted to a phase and the amplitude-conversion machine 32A from the adding machine 31 1 - 
it is spurious. There is high order spurious (they are not harmonics) one generated by causing 
overflow further just because it generates as 3rd spurious at the time of overflow of the offset 
accumulated in the adding machine 31 1 (high order offset). 

[0008]The technique of reducing spurious one of the sine wave signal S3a resulting from overflow 
of this adding machine 31 1 (or adding machine equivalent to this adding machine 31 1 ), It is 
indicated to the publication of patent applications (common [ 2-63305 ], a Title of invention: the 
direct digital synthesizer, Heisei 2(1990) March 2 public presentation which have the randomized 
selectable accumulator). In this spurious reduction technique, an unfixed number is added to the 
lowest (LSD) bit from the pseudo-random student machine of several shots, or the tremulor, the 
periodicity of the above-mentioned overflow is broken down into the above-mentioned adding 
machine, and it is decreasing spurious one of specific frequency. However, in this technique, 
although it is mitigable, though the sine wave signal S3a has conversely little spurious one by the 
pseudo-random number or vibrational frequency inputted into the above-mentioned adding 
machine, it mixes spurious one accompanying the above-mentioned overflow. It does not have 
the mitigation effect over 2nd and 3rd spurious one of the above. 

[0009]Therefore, the purpose of this invention is to cancel the fault of the direct digital frequency 
synthesizer by the conventional technology mentioned above, It is in providing directly the digital 
frequency synthesizer which does not have spurious generating accompanying overflow of an 
adding machine (phase accumulator) or a rounding error in an output sine wave signal. 
[0010] 

[Means for Solving the Problem]Directly a digital frequency synthesizer of this invention, A phase 
accumulator means which produces phase data which accumulated frequency data 
synchronizing with a clock signal, The 1st phase and sine wave signal conversion method that 
answers a high order bit and said clock signal of said phase data, and produces the 1st sine 
wave signal of analog format, The 2nd phase and sine wave signal conversion method that 
produces a cosine wave signal of analog format which answered said high order bit and said 
clock signal, and about 90 degrees of phases followed from said 1st sine wave signal, The 1st 
digital-analog converter that changes a part or all of a lower bit except said high order bit of said 
phase data into an analog value, and produces a phase error signal, It has a multiplier which 
carries out the multiplication of said cosine wave signal and said phase error signal, and 
produces a spurious cancellation signal, and a subtractor which subtracts said spurious 
cancellation signal from said 1st sine wave signal, and produces the 2nd sine wave signal. 
[0011]One of the direct digital frequency synthesizers of this invention. A phase accumulator 
means which produces phase data which accumulated frequency data synchronizing with a clock 
signal, The 1st phase and amplitude-conversion machine that produces the 1st sinusoidal 



amplitude data corresponding to a high order bit of said phase data, The 1st digital-analog 
converter that changes said 1st sinusoidal amplitude data into the 1st sine wave signal of analog 
format synchronizing with said clock signal, The 2nd phase and amplitude-conversion machine 
that produces cosine wave amplitude data which answered said high order bit and about 90 
degrees of phases followed from said 1st sinusoidal amplitude data, The 2nd digital-analog 
converter that changes said cosine wave amplitude data into a cosine wave signal of analog 
format synchronizing with said clock signal, The 3rd digital-analog converter that changes a part 
or all of a lower bit except said high order bit of said phase data into an analog value, and 
produces a phase difference signal, It has a multiplier which carries out the multiplication of said 
cosine wave signal and said phase difference signal, and produces a spurious cancellation 
signal, and a subtractor which subtracts said spurious cancellation signal from said 1st sine wave 
signal, and produces the 2nd sine wave signal. 

[0012]One with a directly another digital frequency synthesizer of this inventions. A phase 
accumulator means which produces phase data which accumulated frequency data 
synchronizing with a clock signal, The 1st phase and amplitude-conversion machine that 
produces the 1st sinusoidal amplitude data corresponding to a value of a high order bit of said 
phase data, The 1st digital-analog converter that changes said 1st sinusoidal amplitude data into 
the 1st sine wave signal of analog format synchronizing with said clock signal, The 2nd phase 
and amplitude-conversion machine that produces cosine wave amplitude data which answered 
said high order bit and about 90 degrees of phases followed from said 1st sinusoidal amplitude 
data, The 2nd digital-analog converter that changes said cosine wave amplitude data into a 
cosine wave signal of analog format synchronizing with said clock signal, The 3rd digital-analog 
converter that changes a part or all of a lower bit except said high order bit of said phase data into 
an analog value, and produces a phase error signal, A multiplier which carries out the 
multiplication of said cosine wave signal and said phase error signal, and produces a spurious 
cancellation signal, and a subtractor which subtracts said spurious cancellation signal from said 
1st sine wave signal, and produces the 2nd sine wave signal, The 1st timing adjusting circuit that 
sets mostly signal timing of said cosine wave signal in each of an input terminal of said multiplier, 
and said phase error signal as the same timing, The 1st level adjustment circuit that is boiled also 
in a signal level of said cosine wave signal in each of an input terminal of said multiplier, and said 
phase error signal, and is set as a necessary level range of said multiplier, The 2nd timing 
adjusting circuit that sets mostly signal timing of a spurious ingredient in said 1st sine wave signal 
in each of an input terminal of said subtractor, and said spurious cancellation signal as the same 
timing, It has the 2nd level adjustment circuit that sets a signal level of said 1st sine wave signal 
in each of an input terminal of said subtractor, and said spurious cancellation signal as a level 
which makes the minimum a spurious ingredient in said 2nd sine wave. 
[001 3]One [ another ] of the direct digital frequency synthesizers of this invention. A phase 



accumulator means which produces phase data which accumulated frequency data 
synchronizing with a clock signal, The 1st phase and amplitude-conversion machine that 
produces the 1st sinusoidal amplitude data corresponding to a high order bit of said phase data, 
The 1st digital-analog converter that changes said 1st sinusoidal amplitude data into the 1st sine 
wave signal of analog format synchronizing with said clock signal, The 2nd phase and amplitude- 
conversion machine that produces cosine wave amplitude data which answered said high order 
bit and about 90 degrees of phases followed from said 1st sinusoidal amplitude data, The 2nd 
digital-analog converter that changes said cosine wave amplitude data into a cosine wave signal 
of analog format synchronizing with said clock signal, The 3rd digital-analog converter that 
changes a part or all of a lower bit except said high order bit of said phase data into an analog 
value, and produces a phase difference signal, A multiplier which carries out the multiplication of 
said cosine wave signal and said phase difference signal, and produces a spurious cancellation 
signal, and a subtractor which subtracts said spurious cancellation signal from said 1st sine wave 
signal, and produces the 2nd sine wave signal, It has a zero cross detection means which 
produces a rectangular wave signal or a sine wave signal which detects a zero crossing point of 
said 2nd sine wave signal, and makes between this zero crossing point a cycle. 
[0014] 

[Example]Next, this invention is explained with reference to Drawings. 
f0015] Drawinq 1 is a block diagram of the first working example of this invention. 
[0016]This digital frequency synthesizer (DDS) 3 receives the frequency data setting circuit 2 to 
the frequency data S2 for the clock signal S1 in the phase accumulator 31 of DDS3 from the 
reference frequency oscillator 1 directly like DDS3C of drawing 4 . Similarly, the high order bit 
S31a of the phase data S31 from the phase accumulator 31 is made into the address signal of a 
phase and the amplitude-conversion machine 32A, and a phase and the amplitude-conversion 
machine 32A produce the sinusoidal amplitude data S32a corresponding to the address signal 
S32a. This sinusoidal amplitude data S32a is changed into an analog signal by the digital-analog 
converter (D/A converter) 33A synchronizing with the clock signal S1, and becomes the sine 
wave signal S33a. 

[0017]DDS3 makes the high order bit S31a of the phase data S31 the address signal of a phase 
and the amplitude-conversion machine 32B. A phase and the amplitude-conversion machine 32B 
produce the sinusoidal amplitude data (following and cosine wave amplitude data) S33b which 
the phase followed about 90 degrees from the sinusoidal amplitude data S32a corresponding to 
this address signal S32b. This cosine wave amplitude data S34a is changed into the cosine wave 
signal S33b of analog format by the digital-analog converter (D/A converter) 33A. 
[0018]DDS3 supplies the lower bit S31b except the high order bit S31a of the phase data S31 to 
the digital-analog converter (the following, D/A converter) 33C, and D/A converter 33C produces 
the phase error signal S34 which has an analog value corresponding to the lower bit S31b. the 



lower bit S31b - also ******(ing) -- although it is not necessary to use all bits, since the omitted 
portion remains as a phase error, it is used from an upper portion, giving priority, and, if possible, 
all bits are used. The multiplier 34 carries out the multiplication of the cosine wave signal S33b 
and the phase error signal S34, and produces the spurious cancellation signal S35. And the 
subtractor 35 subtracts the spurious cancellation signal S35 from the sine wave signal S33a, and 
produces the sine wave signal S3 which removed spurious one which is an output signal of a 
request of DDS3. 

[0019]When operation of DDS3 is furthermore explained with reference to drawing 1 , from D/A 
converter 33A to the sine wave signal S33a. Since the bit length of a phase and amplitude- 
conversion machine 32A **** D/A converter 33A is smaller than the bit length of the phase 
accumulator 31 , spurious one produced from the periodic phase error by a rounding error is 
contained, u (t) is expressed with (1 ) type when the sine wave signal S33a is set to u (t). 
[0020] 

u(t) =sin{2pift+A (t)} - (1) 

Here, desired frequency (fa times 0) and A (t) are the periodic phase errors used as a spurious 
cause, and f s are equal to the spurious cancellation signal S34. 

[0021 ](1) Decompose a formula by the additional theorem and obtain (3) types using the relation 
of (2) types. 

[0022]A (t) «1 (radian) - (2) 

u=[ (t) ] sin2pift+A(t) and cos2pift - (3) 

On the other hand, the cosine wave signal S33b (the signal S33b is set to v (t)) has a phase term 

equal to u (t), and obtains (4) types. 

[0023] 

v(t) =cos {2pift+A (t)} - (4) 

(4) Decompose a formula by the additional theorem and obtain (5) types using the relation of (2) 

types. 

[0024] 

v=[ (t) ] cos2pift+A(t) and sin2pift - (5) 

Therefore, the spurious cancellation signal S35 from the multiplier 34 is set to w (t), and (6) types 

are obtained. 

[0025] 

w(t) =v (t)-A(t)- (6) 

The output S3 from the subtractor 35, i.e., the sine wave signal from DDS3, is set to x (t), and (7) 

types are obtained. 

[0026] 

x(t)=u(t)-w(t) 

= {1+A(t) 2 }and sin2pift - (7) 



Therefore, the sine wave signal S3 (shown by x (t)) from DDS3, It is only that the secondary 
ingredient of phase error A (t) is included as a phase error ingredient which produces spurious 
one, and is reducing spurious one clearly compared with the sine wave signal S33a (shown by u 
(t)) which the conventional DDS3C produces containing the primary ingredient of phase error A 
(t). 

[0027]the lower bit S3 1b showing the phase error A (t) ~ an above-mentioned passage - also 
******(ing) - although all these bits are not needed, in order to decrease the spurious ingredient in 
x (t), it gives priority and uses from the bit of a higher rank. 
[0028]DrawJng_2_is a block diagram of the 2nd working example of this invention. 
[0029]ln this direct digital frequency synthesizer (DDS), DDS3A, In addition to DDS3 of drawing 
1, it has further the timing adjusting circuits 36A, 36B, 36C, and 38 which adjust the timing 
(phase) of an analog signal, and the level adjustment circuits 37A, 37B, 37C, and 39 which adjust 
the level (amplitude) of an analog signal. Namely, the timing adjusting circuit 36A and the level 
adjustment circuit 37A between + input terminals of D/A converter 33A and the subtractor 35, The 
timing adjusting circuit 36B and the level adjustment circuit 37B between one input terminals of 
D/A converter 33B and the multiplier 34, Between the input terminals of another side of D/A 
converter 33C and the multiplier 34, the timing adjusting circuit 36C and the level adjustment 
circuit 36C are inserted, and the timing adjusting circuit 38 and the level adjustment circuit 39 are 
inserted between the output terminal of the multiplier 34, and - input terminal of the subtractor 35, 
respectively. 

[0030]The timing adjusting circuits 36B and 36C amend a gap of the signal timing produced with 
dispersion in the delay characteristics of D/A converters 33B and 33C, and coincide the signal 
timing of the cosine wave signal S33b and the phase difference signal S34 which are supplied to 
the multiplier 34. The timing adjusting circuits 36A and 38 amend the gap of timing with the sine 
wave signal S33a from D/A converter 33A, and the spurious cancellation signal S35 from the 
multiplier 34, The signal timing of the spurious ingredient in the sine wave signal S33a supplied to 
the subtractor 35 and the spurious cancellation signal S35 is coincided. The level adjustment 
circuits 37B and 37C amend a difference of the level produced with dispersion in the output level 
of D/A converters 33B and 33C, It is set as the level on which the level, (6), and (7) types at 
which a necessary operation can perform appropriately the signal level of the signal S33b and the 
signal S34 supplied to the multiplier 34 are satisfied, respectively. The level adjustment circuits 
37A and 39, The spurious ingredient signal S3 in the sine wave signal S3 from the subtractor 35 
becomes the minimum about the level of the sine wave signal S33a from D/A converter 33A, and 
the spurious cancellation signal S35 from the multiplier 34, namely, it adjusts to the level on which 
(7) types are satisfied, respectively. 

[0031]Therefore, since this DDS can obtain correctly x S3 which adjusts the signal timing and the 
level to the multiplier 34 and the subtractor 35, and is shown in (7) types (t), i.e., a sine wave 



signal, it is effective in reducing spurious one of the sine wave signal S3 further from DDS of 
drawing 1 . The above-mentioned timing adjusting circuits 36A, 36B, 36C, and 38 and the level 
adjustment circuits 37A, 37B, 37C, and 39, being provided in a part required only when the timing 
and the level of a signal which are supplied to the multiplier 34 and the subtractor 35 which were 
mentioned above are different from a necessary value - these all - also ******(j n g) - it does not 
need. 

[0032j Drawing 3 is a block diagram of the 3rd working example by this invention. 
[0033]ln addition to working example of drawing 1 . the digital frequency synthesizer (DDS) of this 
working example has connected the zero cross detector circuit 4 to the output terminal of DDS3 
directly. The zero cross detector circuit 4 produces sine wave signal S4 which detects the zero 
crossing point of the sine wave signal S3 from DDS3, makes between the detected zero crossing 
points a cycle, and does not have an amplitude change between cycles. The spurious ingredient 
of {1+A(t) 2 } is included in the amplitude paragraph as shown in a formula (7) at the sine wave 
signal S3. However, this DDS produces sine wave signal S4 which removed thoroughly the 
spurious ingredient produced from the influence of the above-mentioned amplitude paragraph by 
the zero cross detector circuit 4. 

[0034]lf it explains still in detail about the zero cross detector circuit 4, the low pass filter (LPF) 41 
will extract the dc component (offset voltage) which this signal S3 generally contains from the 
sine wave signal S3. When a dc component is not included in the signal S3, LPF41 is not needed 
but - input terminal of the comparator 42 is set as OV. The comparator 42 compares the sine 
wave signal S3 with the above-mentioned dc component, and produces the rectangular wave 
signal of a cycle equal to the cycle of the sine wave signal S3. The amplitude change between 
the cycles by the spurious ingredient of the sine wave signal S3 is eliminated by this rectangular 
wave signal. It becomes sine wave signal S4 where this rectangular wave signal is band-limited 
by the band pass filter (BPF) 43 and which does not have a spurious ingredient. It is good also 
considering the above-mentioned rectangular wave signal as an output signal of this DDS. 
[0035] 

[Effect of the InventionjAs explained above, DDS of this invention is added to the conventional 
sine wave signal creating means which generates a sine wave signal from the high order bit of a 
phase accumulator, A means to carry out the multiplication of the cosine wave signal generated 
from the above-mentioned high order bit and the phase error signal generated from the lower bit 
of the above-mentioned phase accumulator, and to compound the spurious cancellation signal 
which is a spurious ingredient of the above-mentioned sine wave signal is formed, Since the 
above-mentioned spurious cancellation signal is subtracted from the above-mentioned sine wave 
signal, it is effective in the ability to reduce or remove the spurious ingredient of the output sine 
wave signal resulting from the phase error of the above-mentioned phase accumulator. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1l lt is a block diagram of the 1st working example of this invention. 
fDrawinq 21 lt is a block diagram of the 2nd working example of this invention. 
[Drawing 3] lt is a block diagram of the 2nd working example of this invention. 
[Drawing 41 It is a block diagram of the conventional DDS. 
[Description of Notations] 

1 Reference frequency oscillator 

2 Frequency data setting circuit 

3 and 3A - direct digital frequency synthesizer (DDS) 

4 Zero cross detector circuit 
31 Phase accumulator 

32A and 32B A phase and amplitude-conversion machine 
33A-33C Digital analog (D/A) converter 

34 Multiplier 

35 Subtractor 

36A-36C, 38 timing adjusting circuits 
37A-37C, 39 level adjustment circuits 

41 Low pass filter (LPF) 

42 Comparator 

43 Band pass filter (BPF) 
311 Adding machine 
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&m$mmmnumTis?jvMmki'y*-y4 if. 

[000 1] 

(dds) fcHU ijffctfci^ft^oxrur 
xffi*ft#fcttiS Lfc D D s fcH-rs . 
[0002] 

[ WkCO&ffi ] WkCO D D S fcO V vt HI 4 CO ? o -y ? H 

[0003] z.cnmw i y^)vmwk t yy j z^ r ^ if ( d 

DS) 3Ci±. 3epjg«SRfHS»l*»fe^n.y^fl|#s 
1*, «ltHR7 , -^K3eiiI»2*»fe3@fca (a(iim± 
COS^) OfuffliM^r-^ (OT, Ittftr-*) S2 

aAi/-^ 3 1 «sps:^3 i i m^mmt 

HdSl^3 1 Hi, ^Py^flt-^SlKHfflL-Cjafcai: 
B#OtBa-t4flHI"5**-* S 3 1 fctJldlLs ^iCa 

* s 3 m ? n * ? fl# s l WA^atitM LT 

I^fifflf-^ S 3 1 toMIMifi 

b s Mm3 1 1 iifufflr-? S 3 1 «osiw<-7n- 

mr-fTS) 0 , «JM-4jEBE«ffi^S 3 3 acofiffl 
[0004] GMBr-? S 3 1 C0±fit'«y h S 3 1 a 

im ■ nmmm 3 2 a^t h l^xii^fc . 

m ■ «H^«3 2 A{i, HRfc{±R0M ( >J-K • 

* T»KWfc:iiJirt4tifflT-^ S 3 1 C0±fit'.y h 
(TKl/Xff-f) S3 la(C«j61-6-''«5WMt^»S 

t4. ZtoSNf-f S 3 2 a^Ty^i^ • T+uTSl 
m> (D/ASSW&) 3 3 At J; OT^n/ffMOIEK 
Sfl-tS 3 3 a ( S 3 a ) fcSElftSitS . 
[0005]DDS3 Ctt, ±IB^iCa^' 1 OJi^fctt 
»*JH« f 0 cOSEBEttfl-f - S 3 a &4 1 , filTs 5@R 
a«fifcfieoTja«8» aXfO ^I^fl-f- S 3 a ^4z 

[0006] 

[^M«^tJ;3fc-r4iiS] L*>L, :«DDS3 

cTii, jpsti3 1 1 coTfit'.y bzm ■ wmzm 

3 2At|U*U!flrV^t% Tfit'-y h4«7*-y h*« 
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fflr-^ S 3 1 tt]Effi»fll#S 3 3 aOfflffltffiS^S 
COX\ tm^3 1 h«lSffi<0*-A-7 

n-»ijEK»fi#s 3 3 a^WBW^fflWifcffia 
*4. ftoT, «H3 1 lttJft4±aL/£JB»tt<0 

[0007] ±iBiE&$ft-^s 3 atxry 77&4t 

6±*«Hfcli2WW*0, S&U±in£fi3 1 l±f-y 
h*TO*w*-7n--cai3, 82J± rjnSRg3 1 1 

gj* ( s 3 1 b . ekw) *»6Hj*s<i*±ffltv h 

S3 1 aA^J:3&tr)JiBoat»TR«fc»t^43!-- 

rUTXttT, iD3KS3 1 lfctJtti^-feyMffll 
««:*-A'-7n-ir#fc84'tasfc9 (Sfifco^-fe-y 
H 3&*Sfefc3i— X-7n-tjB«-ikfc J: 9»t& 

[0008] ^C0JP*^3 1 1 ( t tz\£ZC0tim%s3 1 

lteffla-tsjnjts) ^-A-7n-tiSH-rs]Ea 

mm S 3 a CO* 7* U 7* £ ffi*t £ * ftHNft 
^8(^2-63305, WJKO** : SS? "H&flr 7 > 

, ¥i£2^3j!2B£HS) fclBRStiTV**. £ 

07.7° y Txim^mxu, mnnrnzmm 
wm.mtz\mwm&Mt^^m.^m^. < ls 

D) h'7 htdn«LTJJE*-^-7n-Offl»itt*IB 
U #^«<o;o o y7x£»$-£T^.g.. Lfr 
Ls i^ftTJis ±IE^-A'-7n-Wf^ax7°y 

y iz\twmm& z. hxr y rwm, 
mms3 3Liz'j?%\^j:tft>mA-tz>, ±ibh2 

[00 09] ^T^OlWIi, ±j£Lfcft#ScflS 
«t SlffitT^/Hf «y y-feiM if <o&££»khi- 

y-? ) ^-/^-7D- "*>^W>KUIfcff 3*7*»J 7X 
[00 10] 

SB LT JUR Lfcffiffl-r- * £ 4 1 £ ffiffl 7=Y a A I/- ? 

#gk . mitimr-fini.VLVv b t mm n ?fi 

i vim ■ mumwa&mt . ms±®Xv b 
t fltria^ n -y ?\mt mm Lxmm, 1 <ojbs»^# 

J 0 9 0 • &fflco»^7^nm^on-9M y|Hi# 



msTi-vrm&m ixmmm^± tmi 
mmmmmt *m. ixzrv 77* * y^Mt 

[0011] *^comgTv^;wjsi«>'y-fe-9-^- , f' 

flafifflr- * co±m <y h (c*M6 Lfc» 1 aJEKtt&rM 
^fflt-^tRJBLTIMEIB 1 OIE&MIt'-? £77n 

i wiEBaftfli^taaftrsjs 1 wf^^/p • 

7-J-n^&&fc. lufB±fib'.y ht/S^UTHuiami 
OjEBaWSW^-^J: 0 9 0° fflffl<«(tC«3^>f >m 

mT-*t:!kiim2<Dm ■ wmmt. mm 

m < Tfi t' >y h i fe(i^SU £ 77 u /«fc:S3« L 

TffifflHfi#£4ti»^3coT> ? ^;i' • T-ruygsm 
t , wBair-f vmt^k mmmm^k zmix 
zrv7x*^y*Mmit!ktmmt . mmi 

•t-f ir^aiio— naatf-^* ^ 7 ^m-t tn 

^ak, mwa7-*0)±mzv hmmnmitzm 
1 (njEsmsmf-^ z±t&mi mm ■ mmm 

k . lirlB^ n >y ^fi#fc|3I3ffl LTfTiam 1 CDlEWMSm 

1 mf*J9fr ■ Ti-a^mk , HEJitttv hfcJK 
¥ LT MIB^ 1 OIE^^T- * J: 0 9 0 • fiffloB 

y«*i7 i -r?£4ti»^2cofiffl ■ mm 
mk, mmvvtimmmixmm^jym 
Wcf-^r-turm.^^ ymm^zmtf-hm 

2«fy7/k • 7^-n^Mlk , fflBfifflT-^cofr 
IB±lif-y h2rl^<TSt'<y hco-Uttite-kUZTi- 

• 7tn^«k. iuiBn-9-^ yfcmtmmmm 
m^k*mnixzyv7z*^y*:Mm$:$Lt& 
mmk, mmmicoiE^mmt^mm^rvTx^ 

mlB^H^A7jS^c7)#^fcfc{tl,frlB3-9-^ 
y^ft^k MIBfifflTOf^k^ff^^^ 5 y^S:»5Hf 

k, ldfflPSJI^7Jj«^##tfcft6 lulB3-t^ y 

»^#i3 x umzmmmmcDim v<svitk^ azm 



»k s HlrfBM^^c7)A^ffi^##^*3{tl) UBS i 

y*LMmtco\m94 $>y*mm—?4 $y?*fc 
K^<7)&&izmmmm 1 ^lE^fi-^ xvim 

xru TX^y-fe/Wif Of|-tK;l-S:ffiBII2cO]E 

f&2WU^iffl^B&k£tiix.T^6. 
[ o o 1 3] Sfefcs W^it^r^/Wi^yy 

fcss i ^iBEaagiBT - * & * t s % i tftfuffl • »mie 
Mfite , mib? o y^«fcPHW Lxmm 1 «E&$ 

WIt-^ ^T^n^W^m 1 WjEKRfflt^tSaW 
• 77n?1£«k , HfflB±fib"7 h 
W6« L-ThuIBH 1 OI&MIt--? A 0 9 0 • fifffl 

7+n mi,zm& Lxmmt^*$Lthw,3^i>? 

)V ■ 77n?"']£«k , BuiE3+M y^fi-ti: Miafiffl 

S&*S& b , Huiam 1 *>3EBiHI*&» & U TX^ 

•v y-fe/HI*fc»* tTJS 2 <03E»»«**& 1 2> WM 
tit, IWB»2<0jEB««*O-tfn^nx^*ttliiLi 

[00 14] 

[ mm 3 ^^*^^ov ^h®&#hb LTi^-r 

4. 

[0015301 ii*^W^-0^tteMc7)7'0 7 ?0 

[0016] ^com&f'J^iv^AW.^y^^ f ( d 

DS) 3J±, H40>DDS3CfcfiH*fc. S¥JSiftf&3& 
Uti 1 frh ? n >y ?ffl» S 1 Sr. J^«t-^ISSI11SS 
2 J1«T- ?S2£DDS3 WfifflT^aA V- 

flXflfflr-* S 3 1 <7)±{5t 7 b S 3 1 a & fflffl • »g 

» 3 2 a<t)t k pxff-t k l , -fjiffl ■ wmssm 3 

u (t) = sin27Tf t+A 
3f^I^S3 3b (ff^-S3 3b^v 

( t ) k-fft ) (i, fiffiWu ( t ) fc*L< . ( 4 ) 

[00 23] 

v (t) = cos2?rf t+A 
1&I,Z. 5HfiS34*»^xrUTXdE-vy-k/Hi#S3 
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2A{iTKl^XfI-tS 3 2 afcMBtSIE&MlT- 
^S32a^t^„ iflJIESaaWBWi^-^ S 3 2 a 
36*, ^fVtfr ■ T1-Uimm ( D/A£«) 3 3 A 
(c i 0 ? a >y fi-t S l (c HPJ L T 7^hn 
3*U jEtttHI#S3 3atc&4. 
[00 1 73 4fc* DDS3(i s fiffif-^S3 1«l 
fif -y h S 3 1 a ■ 3 2 B <DT F UX 

mbth. m ■ IKK3 2 B{i s iOTFl'* 
ffl»S 3 2 b liZttfoLXlESifflmT--? S 3 2 a J: 0 

9 oft^oaLwsEsaawif'-^ (jar, ^^^^ 

jftHKr-^) S3 3b^4it§ 0 IWt^tii 
t — 9 S 3 4 *&f*J9fr ■ Ti-vrmm ( D/A3E 
Ml) 3 3 A tci DTtn««3t^ yMI^-s 3 
3bfcS»3;ft.4. 

[00 18] Sfet, DDS3(i, fiffif-^S3 ICO 
±fih°7 h S 3 1 a &|^V^Tffit'7 h S 3 1 b SrrV 

9)v-7-ruy$am (ot, d/asshs) 3 3 etc: 

ftJftU. D/AS3&83 3 CliTffl^y h S 3 1 b fc^T 
^ftT^P/**^4fflfflliaMI^S 3 4 Sr&t 
6. =5rfc. Tfit'7 h S 3 1 btt, Ufc^WWf 

mbLxmnxmrnfrmitLxmL. 
yiftfi# s 3 3 b k fiffli^Mfi^ s 3 4 k * aw lt , 

XTUTX^VM^Wl-f S3 5fc4tS. ftT, M 
Sls3 5^\ iEaaftfll^S 3 3 aK^ri) TX=3f A-y 
•fe/m-t S35^MEL, DDS3 WFjTS^ ffi^ffi^- T 
* S II SrBte LfcEHftfll^ S 3 4 1 6 . 

[ 0 0 1 9 3 £ tea 1 omix d d s 3 mmm 

m-its D/ASSM»3 3A*»^OjEB«fll^S3 3 
adi fiffl ■ £IRfcltH3 2AfeJ:tAD/A^»3 

3Aot°7 h*wafflr* j.^1^-^3 iot' 7 b^j; 

ttXT-UTXjWfitL*. ]E3£»1i-tS3 3aS:u 

(t) k-TSk, u (t) tt (l) 3«*bS<ift. 

[0020] 

u (t) =s i n <27Tf t+A (t) } - (1) 

f (iBffS^Jl^ ( f 0<0afl&) , A ( t ) li 
XTU TXc7)SHk=S:SI!W%fifflfaMT$) 0 xru 
7Xdr^y-te;m-f.S3 4fc^bV^ 
[002 1 ] ( 1 ) ^^Jnft^IT«L. i/i ( 2 ) 

*m**m\vz (3)aJit»4. 

[0022] A (t) < <i (^yyy) - (2) 
(t) • cos27Tf t - (3) 

v (t) =cos {2n f t+A (t) > - (4) 
( 4 ) ^£M£»C#»U 4fc ( 2 ) *<0Wfli*ffl 

^X (5)&zm. 

[0024] 

(t) -si n2?rf t - ( 5 ) 

5 Srw ( t ) k LTs (6) ^^t#l> 0 
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[00 25] 

w(t) =v (t) • A (t) - (6) 

m$s3 5 j}, gP^DDS3^<DIfi& 

mm^s3*x (t) tlx. a 

[0 0 26] 

X ( t ) =u (t ) -w ( t ) 

= { 1+A (t) 2 } -si n27zrf t - (7) 

I-jT, DDS3*>^iEffi»^S3 (x (t) TSS 

fflm^A ( t ) cD2%mz-&ts<v?>.x*$>*), nmD 
d s 3 cn&i&magms 3 3 a < u ( t > t-^s 

*i4 ) MtfflMMA ( t ) miJaftftt-fttrofcit^ 

[ 0 0 2 7 ] fufflfa^A ( t ) fcaayrratf * 

hS3 lb(±. ±jiC9kfc9^-f Li t*<y 

h&^gfcL^^\ x (t) fctjftftxrurxjft^- 

&8£j>3tf4fc«, ±ffi*)tfv hfrfeffiifcLTffl^*.. 
[ 0 0 2 8 ] H 2 2 tDHiiWWn 7 ?E1 

[00 29] Z<nffl&T i sfJVmtS3ki'y-b*M -f ( D 
DS) fcUSWt, DDS3AWU 01 CODDS 3fcjn 

Ttn?'|f(7)NSy/ (fill) *mmh?A 

Sy^PBEiaB3 6A, 3 6B, 3 6C*Jj:tf3 8fc, 

K37A, 37B, 3 7CtJj:V3 9*S/S>fcflliTV^ 
£. Hp-fe, ^>f5y^^EHI»3 6Afc^HSffl[|lIS& 
3 7Afc£D/A^M§3 3Afci$1^3 5<D+A:M 

^ fc*>IBfc, 9 A s y*nseiiIE&3 6 b t i^HPHHSQ 

& 3 7 B t £ D/ A^m 3 3 B fc 3 4 O-tftf) 

fcwMfc, *4 s y/Mns&3 6 c fc 

IBHiIII3 6Ci:fcD/ASa<l»3 3Cf:«W»3 4«0 
fWOA^S^ Oiat, 9 A 5 f7H$ISIIIE&3 8 P 
^HBSEffi 3 9 t mMi& 3 4 OtfttWFfcttftll 3 

5 O- A^S^fc <^«tl W?A L TV ^ . 

[ 0 0 3 0 ] *4 S yfffi&mm 6 B*5j;tf3 6 C 

li , d / ASBBWS 33Bt5«fct/33C fimsfflmtt h 
o#fcJ; *4 $y/<Wi&*iliIEL, AW 

#£3 4 fcfft^t-S 31M yjftm # S 3 3b Hfflilf 
S34fc*)flW>f Sf/fc-RSHf*. :MS^Di 
S@ffi3 6At5j;lX3 8{i, D/AS&WS3 3 Aj&xbW 
IEaift11#S3 3afc3SJ|D»3 4*»fe^rUr^-V 

y-tr/Mt-^s 3 5 5 yreffiiZfflEU WM 

S3 5 iWSIStffS 3 3 a*W*7>J7*J« 
^ X 7° U TX^f -V >*.Mm $3 5k V>\m? A^V 
^fc-RS-fci. K;WPS0Sl3 7Bfcj;l/ , 3 7C 
(i. D/A^H3 3Bt3j;V3 3COH}^K;^{f 

^ostcio^ts^i^fflaswEU aufiS3 4 

tffilft-f *1i#S 3 3 bfcilflftS 3 4c0fi-tK/W 
&F/rg<^f S^Mfcff i. h UK)V, ( 6 ) is XV 
(7) ^m&Zit$>l'<Mz%tlW&%.t%>, UK 



/MNKI1IK3 7 A£J;tf 3 9tt, D/A&«3 3 A*» 
fe<OIEBafcflt*S 3 3 afc^IS3 4^^X7'iJ 

iEffiSfi-t S 3 if COX 7° U 7X JfcJMl-t S 3 iWfrNcfc 
6. EP*> ( 7 ) **»!fiS*S^^Kc^^hJHSrt- 

[003 1 ] |-3t, iWDDSil SffiB3 4iJj:Uf 

JSJRS3 5Kcom^9A sy/fciVV^trflSLT 

( 7 ) rtfc*tx ( t ) , HP^IESM^S 3 fclBlfc 
#S £ fc 60 4 C.BIl£>DDSj;»h lEWtt 

s 3 oxr >j rx £ $ 6 WfiM-f 5 s . * 

_ha*):M 5y^HSHUK3 6A. 3 6B, 3 6CfcJ; 
#3 8fcW</l/tHSE|IlB&3 7A, 3 7B, 3 7CfcJ:l/ 
3 9 1± . ±515 LfcfBSIS 3 4 £ J: Ifltffift 3 5 £ttf&3 

£ ^fc<G»ifc*flN^fcRW- feti. £ixA> 0>£T 

[ 0 0 3 2 ] 0 3 »4*JfflBt J: h % 3 W»Si«07-n -y 

[0033] £OWI0W)»f ^^^Utafc^^-b-t 

^f-f (dds) it. mKvmmmzMi, DDS3coiu 

0^fl«fJiai»4ti, DDS3*»feW]ESaaftfll^S30-tf 

LW 0 1t«^-fkw^vME^f^S 4 *4t4 . I 
§^ft^S 3 fcli. * ( 7 ) tS^-fcfi o . tMmtc 

{ i + a ( t ) 2 } ^rur^jS^t^Tv^ft. L 
£c7)DDs(i, ^v7vmmm%4i,z£y), ± 

[ o o 3 4 ] €n ^ p ^mmm^t 4 ic^v § t> \zmm 

\zwmh b , ffiliMia^^S ( L P F ) 4 1 /AESSE 
«^S3^fe£^)fl|-*S3AHRK*t»EaU«^ (*7 
-fe-ybmE) ^ffiffi1-|>o fll^S3fc:«aBR^**4iSr 
v^fc#W± N LPF4 \*imk*tf, 
2<o-A*SB^*ovfc:KSi-S. 3^-^4 2 
(i, jE3Hft«^S 3 k JjatSBS^i: ^ibK LXlEWk 

ms3<DmmmL^mM<mmm^z$Ltz>. z\ 
(Msmm^zit* iMi^s 3 coxy v rzmiz 

mmtrnk^mm ( b p f > 4 3 1 x *)%mmzti 
xxrv Txim<ntc^mM.ms 4 1**. 

[0035] 
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[Hi ] *mcom i emmwfa v ? ht* & „ 
[ m 2 ] ifwmw. 2 commmny'v >y ? at-* & . 

[033 *f&njj<0!& 2 <D?li»7"n 7 ? @?$> & . 
[04] f£*<75DDS<7)7'a ■y^HT**. 
[^«|] 

1 MIMfMtl 

2 HWCT-^^iggg 

3, 3 a (DD 

S) 



4 -tfn^n^aJHffi 

3 1 {ifflT^Al/-? 

3 2 A, 3 2B ffiffl-JSIBSSJjjft 

3 3 A-3 3 C tWJV ■ 7^n?" ( D/A ) gj& 

ft 

3 4 Slgft 
3 5 i$gft 

3 6A-3 6C, 3 8 M 5 fTHflSHSfr 
37A-37C, 39 I^/HISEIEI 

4 1 ffiUBGtetfcft (LPF) 
4 2 3yAV-^ 

4 3 fftfiiijfl^Sfeft (BPF) 
3 1 1 JPEH 



[H3] 
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[011 



JDDS 



-S34 



35 NMW 



S3 
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[02] 



mm® 



> 32A 



D/A 






D/A 






D/A 






36A 


36 


B 


36C 


9 A 

PS 


XV? 

mm 




9 4W7 

mmm® 




Pi 






37A 


37B 


37C 








mm 






HEEUfc 



34Se» 




T 
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•II 



mm 



S31- 



